The main problem with the model of Allen has been the variability in the trauma observed by (a) different researchers using the same apparatus and a given gm-cm of trauma, and (b) different research groups using apparently similar apparatus and procedure. In the first case two researchers within the same research group may use the same apparatus and a constant gm-cm of trauma but may use different combinations of weight and height to obtain the given gm-cm of impact. The constancy of gm-cm implies that the falling weight has a given potential energy at the start of the fall and equal amount of kinetic energy (due to its velocity) at the time of impact with the spinal cord (assuming that the air resistance is negligible). It may still produce different traumas depending on specific combination of weight and height. This idea was first suggested in 1976, Dohrmann & Panjabi (1976) and validated experimentally. Since then it has been confirmed by other researchers (Molt et ai., 1979) .
The second problem mentioned above of different research groups, using precisely the same weight and height combination but different apparatus, is more complex. The variability in this case comes basically from two factors: the variation in mass, material and contact area of the impounder; and the variability in the underlying supporting structure, i.e. the suspension of the spinal column of the animal. The 'mass' aspect of the first factor has been explored theoreti cally. The impounder mass affects the energy transfer from the weight to the cord (Dohrmann & Panjabi, 1976) . One may assume that the contact area between the impounder and the spinal cord would be an important factor in the trauma delivered to the cord. However, this does not seem to be a critical factor. In an experiment three groups of animals were traumatised, each with a different contact area of the impounder, all other factors being the same. The results showed that the variation in the contact area did not produce significant variation in lesion size of the spinal cord (Molt et ai., 1979). The second factor is extremely important but has not been explored. We know from our daily experience that the magnitude of the force applied to an object is directly related to the resistance the object offers to the force. This is Newton's third law: reaction is equal and opposite to the action. Therefore, in general a flexible suspension will result in a lower force delivered to the cord as compared to that due to a stiff suspension.
To alleviate these difficulties several approaches have been pursued. The main reason that the gm-cm, as a measure of impact delivered to the spinal cord, is imprecise is due to the fact that the energy contained in the falling weight at the time of impact is not completely transformed into the traumatic energy transferred to the spinal cord. The energy transfer at the time of impact is dependent upon the masses, physical properties and velocities of the contacting bodies: falling weight, impounder, spinal cord and spinal column. This is a complex mechanical phenomenon which is not easily understood and quantified. For this reason other biomechanical parameters have been suggested as replacement for the gm-cm. The force applied to the spinal cord would be a logical parameter to consider to define the trauma actually delivered to the cord. Strain gauged impounders, i. e. impounder with built in load transducers, have been designed and used to do precisely this. Good correlations of the measured force in newtons with the spinal cord lesion and, more importantly, with the motor dysfunction have been obtained (Daniell et ai., 1975; Dohrmann & Panjabi, 1976; Molt et ai., 1979; Panjabi & Wrathal, 1987) . Although force is an excellent mechanical parameter, it tells only part of the story. We know from experience that the duration of the application of the force is as important as the magnitude of the force. For example, when you want to push a car on the road, often a small force (applied by hands) acting for a longer period of time produces better results than a large force (a blow with a hammer) acting for a shorter period of time. Thus, the traumatic energy imparted to and the lesion produced in the spinal cord are functions of the force as well as the time duration of its applica tion. A mechanical entity that takes into account both the factors is called impulse. This is defined as the force applied multiplied by its time duration of application. Therefore, if we measure the force-time curve during the impact, then it is possible to compute the impulse given to the spinal cord. In practical terms this is the area under the force-time curve and has units of newton seconds. It has been shown experimentally that this is a better measure of the trauma than the force alone. The correlation co-efficients for the impulse with the cord lesion and the neurological dysfunction as represented by motor deficit score are very respectable indeed reaching values of 0·8 (Panjabi & Wrathal, 1987) .
There is another mechanical parameter of equal importance representing the other half of the story, namely the deformation of the cord. It has been argued by some that the deformation of the cord is probably more important than the measurement of the force or even impulse (Hung et at., 1975; Anderson, 1982) . Of course, the two parameters of force and cord deformation are not really independent but are related to each other via the physical properties of cord, dura etc.
There are basically two methods of measuring the deformation of the cord. The high speed movie camera may be used to monitor the cord visually from the lateral direction during the impact. The deformation produced as a function of time can then be obtained by studying the sequential frames and measuring the cord diameter (Hung et at., 1975; Kooze Kanan et at., 1976) . Of course, this method requires a very high speed movie camera (total trauma duration is only 7 thousandths of a second) and provides only discrete information. In contrast the second method produces continuous data and uses either a deformation transducer to monitor or a power-activated device to produce the deformation (Dohrmann & Panjabi, 1976; Dohrmann et al., 1978; Anderson, 1982) . The deformation-time signal so obtained, may be differentiated to provide, in addi tion, the velocity-time signal. Finally, one may record both the force and deformation signals using transducers to obtain the energy-time signal (Panjabi et al., 1977) . As the trauma produced in the spinal cord is due to the dissipation of the energy, it seems logical to consider the energy transmitted into the cord as a measure of injury.
The output parameters of the spinal cord trauma model have varied. Spinal cord lesion has been quantified by its length, cross-sectional area and/or the total volume. The best correlations with the biomechanical parameters, such as force and impulse, have been found with the lesion volume (Dohrmann & Panjabi, 1976; Noble & Wrathal, 1985) . The second output parameter has been the sensory evoked potential (SEP) (Bohlman et at., 1981; Anderson, 1982; Raines et aI. , 1986) . Finally, the most important output parameter is that of motor function or loss of it, first proposed by Tarlov (1954) . This has been subsequently modified and additional parameters reflecting overall behaviour of the animal have been added (Gale et at., 1985) . Respectable correlation co efficients of up to 0·8 have been obtained between the biomechanical parameters of trauma, such as the impulse, and the functional parameters, such as the motor function and behavioural scores (Panjabi & Wrathal, 1987) .
Better understanding of spinal cord injury has been obtained using animal models in which a mechanical trauma is produced, most often by a simple weight drop method, and the output is measured by lesion volume, SEP and/or motor function loss. By standardising the equipment and providing a better definition of the trauma highly significant quantitative relationships have been obtained between the biomechanical parameters and the functional losses in an animal model. Further refinements and standardisations of the apparatus and validation studies are needed to study other biomechanical parameters such as deformation and energy. One of the significant uses of this spinal cord trauma model remains that animals with a predefined amount of neurological deficit may be produced with high reproducibility and certainty so that different treat ment modalities, old as well as new, may be evaluated.
